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ABSTRACT
 The experiments were carried out on four groups of Hy-Line var. Brown hens (n = 350 each) monitored from 
20 to 68 weeks of age. The hens were fed on diets which provided the following calcium intakes (%): 2.56 and 3.12 
in groups I and II, respectively, 3.86 in control and 4.22 in group III. The shell weight increased during the laying 
period proportionally to the ingested calcium. The thickness of the eggshell decreased: the decrease was higher 
in the groups which ingested less calcium. The eggshell strength increased from 20 to 36 weeks of age in all the 
hen groups. Further, the eggshell strength decreased from 36 to 68 weeks of age. These decreases were higher 
as the amount of calcium intake increased. In conclusion, calcium diet influences on eggshell properties are age-
dependent and more pronounced at the peak of laying period. The increase in diet calcium content from 3.86 to 
4.22% has less and negative influences on the physical properties of the eggshell. 
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INTRODUCTION
Eggshell quality is one of the most significant 
issues in the egg industry (Swiatkiewicz et al., 
2015). Calcium enters the shell structure up to 95% as calcium carbonate and represents 1.5% of the body weight of the hens so that calcium is the most important nutritional factor determining 
eggshell quality (Gerber, 2006, Swiatkiewicz et 
al., 2015). The qualities of eggshell have a crucial impact on consumer purchasing options and on embryonic ontogenetic development. One of the most important problems of the eggshell is 
related to breakage resistance. The incidence of 
cracked eggs can exceed 20% in hens late in the 
production cycle (Swiatkiewicz et al., 2015). The blood plasma level of the calcium elevates to 19.5 
mEq at the peak of the laying while in mammals the blood plasma level of the calcium is tightly 
homeostasised around 4.5 - 6.5 mEq (Reece, 
1996). Both excess and deficiency of calcium 
may negatively affect the shell quality (Gupta, 
2008). Therefore, ensuring adequate calcium 
intake according to the requirements of hen age and productivity levels are still in the attention of researchers. The aim of this research was to evaluate the effect of different dietary calcium 
levels on eggshell qualities (weight, thickness, 
strength and some visual features) in high productivity laying hens from puberty to the end of laying period.
MATERIALS AND METHODS
The experiment was carried out on 1,400 Hy-Line var. Brown hens randomly divided in four 
groups (n = 350 per each group), hosted in cages ensuring 0.18 m2/cap., risen in industrial system. 
Every group was fed ”ad libitum” by its own diet, which essentially differed by the calcium content: the control group was fed on a commercial diet and the three experimental groups were fed on diets with calcium contents under or over the control 
level (Table 1). All diets were made based on 
maize, soaked soy, young wheat, full-fat soya, sun 
flower seed of 32% protein and a vitamin mineral 
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premix (providing per kg diet: 10,000 IU vitamin 
A, 3,200 IU vitamin D3, 80 IU vitamin E acetate, 1.2 
mg menadione, 3.1mg thiamine, 3.7 mg riboflavin, 
3.6 mg pyridoxine, 10.2 mg pantothenic acid, 0.35 
mg folic acid, 39 mg niacin, 0.012 mg cobalamin, 
24 mg Fe, 36 mg Zn and 72 mg Mg). Experimental diets were prepared by withdrawing / adding 
limestone (containing about 38% calcium) vs. control commercial diet used by the host farm. These diets contained the following percent of 
calcium (calculated as ponderal mean): 2.56 and 
3.12 in groups I and II respectively, 3.86 in control and 4.22 in group III. Mean daily feed consumption 
was at it follows (g):  108.23, 108.82, in groups I 
and II, respectively, 109.29 in control and 109.41 in group III. The diets allowed the ingestion of the following average amount of calcium per laying 
cycle (in g / cap./day): 2.72 and 3.35 in group I and 
II respectively, 4.19 in control and 4.67 in group III.
Hens were monitored from 20 weeks of age 
(the start of the laying period) to 68 weeks of age 
(when they were reformed through slaughter), 
including the maximal productivity period, at 34-
36 weeks of age. The eggs were collected two times a day and the samples were randomly constituted. The egg samples of each determination were 
sized to allow the statistical analysis of the data. 
Monitoring of the hens consisted in: laying rate, 
eggshell thickness, shell weight, shell breaking 
strength and main visual defects. Shell thickness 
was measured in three points at the egg equator 
using an EGG Shell Thickness Gauge Tester, Ro.Ma. Italia. Shell weight was measured using an ORMA analytic balance and was expressed in mg. The 
eggshell breaking strength was measured using an 
EGG FORCE READER and was expressed in mg. The 
analyzed visual defects were: misshaped, coated, 
rough shelled, and soft and weak shelled eggs. The results were statistically processed. Differences between experimental groups and control group were compared by one-way ANOVA 
using the General Linear Model procedure of SAS 
(version 9.1.3; SAS Institute, 2002). The correlation 
between the independent variable (calcium 
intake) and the dependent variables (shell weight, 
shell thickness, and shell breakage resistance) 
was analyzed with the Pearson’s coefficient. The 
level of statistical significance was established for 
P < 0.05. Tukey’s honestly significant difference 
(HSD) post-hoc test was performed to determine 
the group with statistical significant difference when the null hypothesis was rejected.
RESULTS AND DISCUSSIONExperimental groups started the laying at 20 
weeks of age, reached an 87.3% peak at 36 weeks 
and were reworked at 68 weeks with a 54.8% 
average laying rate (fig. 1). The evolution curve 
of group I, fed by the 2.56% calcium diet (which 
ingested 2.72 g calcium/cap./day), distanced itself 
Table	1. Synthesis regarding the composition of the diets used in experiments (calculated values)
Age Item Group I Group II Control Group III
18 - 21 
weeks
Protein (%) 16.67 16.57 16.43 16.30
Metabolisable energy (Kcal/kg) 2,785.3 2,765.9 2,755.3 2,755.3
Calcium carbonate  (%) 5.8 7.24 8.96 9.37
Calcium  (%) 2.40 3.0 3.72 4.16Ca/P 5.05 5.32 5.67 6.20
22 - 35 
weeks
Protein (%) 15.84 15.86 15.58 15.40
Metabolisable energy (Kcal/kg) 2,694.4 2,690.1 2,685.5 2,678.7
Calcium carbonate  (%) 6.16 7.57 9.27 9.41
Calcium  (%) 2.56 3.14 3.85 4.17Ca/P 4.94 5.22 5.60 6.13
36 - 68 
weeks
Protein (%) 15.06 15.09 14.41 14.22
Metabolisable energy (Kcal/kg) 2,839.4 2,777.4 2,770.3 2,762.7
Calcium carbonate  (%) 6.04 7.38 9.09 9.19
Calcium  (%) 2.51 3.06 3.77 4.13Ca/P 4.89 5.30 5.79 6.62
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from the other three groups seeming to relieve a 
higher egg production (P < 0.05). An increase of egg production was also reported by Sultana et 
al. (2007) in Japanese quail fed on a 3% calcium 
diet vs. quail fed on 2.5 or 2.75% calcium enriched 
diets. Xia et al. (2015) reported an increase in egg 
production and egg mass in Longyan shelducks 
fed on 2.8, 3.2, 3.6, 4.0, and 4.4% calcium-enriched 
diets. In contrast, Moreki et al. (2011) reported 
increase of egg production (P < 0.0001) in broiler 
breeder hens from 36 to 60 weeks of age when dietary calcium was increased from 1.5% to 2.5% 
but no significant (P>0.05) differences were found in this variable in diets containing 2.5 and 3.5% 
calcium levels, the consecutive decrease of the protein and energy contents in these last diets being considered the reason. The mean values of the eggshell weight 
increased significantly from the start of laying to the end of the laying period: 32.7% in group 
I, 35.1% in group II, 45.0% in control and 47.4% 
in group III (fig. 2). The increase of the eggshell 
weight was linear until the age of 40 weeks. Then 
the growth rate decreased, and after 52 weeks of 
age, the weight of the shell remained relatively 
constant. They have not identified differences 
linked to the level of the laying rate. The shell weight differences between groups became statistically 
significant from the 30th week of age to the end of 
the laying period (P < 0.010). The Turkey’s HSD 
post hoc test relieved significant shell weight 
differences between groups I (6.70±0.32 g) and 
II (6.94±0.20 g), which had inferior evolutionary 
trajectories, vs. control (7.19±0.13 g). The mean of the eggshell weight at the end of the laying period correlated positively with the calcium 
intake of the groups (r = 0.681). These results 
are in agreement with Sultana et al. (2007) who reported an increase in eggshell weight in hens 
fed on 2.75% calcium diet, but not in hens fed on 
3% calcium diet. On the other hand, Moreki et al. 
(2011) showed that the shell weight and eggshell percentage increased when the diet calcium level 
increased from 1.5 to 2.5%, without data on the 
Fig.2. The evolution according to age of the eggshell weight (g) in four groups of Hy-Line var. Brown hens fed on 
different calcium level diets (%)
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effects of other diet calcium levels on the same 
eggshell properties. In laying Longyan shelducks, 
different dietary calcium levels (2.8, 3.2, 3.6, 4.0, 
and 4.4%) did not affect eggshell properties or any reproductive organ index except for shell weight 
(Xia et al., 2015). This fact brings into question the species-dependence effects of diet calcium levels.
Eggshell thickness presented an overall decrease during the laying period by a mean of 
10.1% (from 381.3 mm to 342.5 mm, P < 0.05). 
Groups differed significantly (P = 0.002) when they 
reached the maximal laying rate (36th week of life), the maximal decrease being registered in group 
I (17.0%) and II (12.0%) and minimal in control 
(6.6%) and group III (7.3%, fig. 3). The percentages 
of shell thickness decrease correlated negatively 
(r = −0.411) with the level of calcium intake. 
The results of our study confirm several earlier 
findings. A similar effect of reducing the weight of the shell decrease in case of a long-lasting feeding 
with calcium-enriched diets reported Gružauskas 
et al. (2011): after six weeks of feeding with 1.60% and 2.60% of monocalcium phosphate enriched 
diets the density, weight, and thickness of eggshell 
were statistically significantly higher compared 
to control (0.6% monocalcium phosphate). Some 
influences of the dietary calcium levels on the 
eggshell thickness were also reported by Moreki 
et al. (2011). According to Moreki et al. (2011), 
shell thickness increases when dietary calcium 
rises from 1.5% to 2.5%. However, they didn’t find 
any significant differences in this variable when 
diet calcium content modified from 2.5 to 3.5% 
calcium levels. In exchange, calcium sources seem 
to not influence the eggshell thickness: Sultana 
et al. (2008) reported there were no significant 
differences in shell thickness of the eggs from 
Japanese quails when premix limestone replaced 
by the oyster shell. Despite of their results, the exact value of the highest diet calcium level which 
inhibits the decrease of the eggshell thickness 
remains unknown. This is because the effect of the 
dietary calcium is in turn influenced by different 
other factors (Gerber, 2006; Valkonen et al., 2010; 
Swiatkiewicz et al., 2015).
The breaking strength of the shell increased 
from 20 weeks of age to the age of maximal 
productivity (peak of laying at 36 weeks of age) for 
all groups (fig. 4). The highest increase was found 
in group I (by 236 mg, meaning 5.8%) and the 
lowest in the group III (by 75 mg, meaning 1.8%, 
P > 0.05). From the peak of laying to the end of 
laying (68 weeks of age), the breaking strength of 
the shell decreased. The decrease of the breaking 
strength of the shell was minimal in group II (764 
mg, 22.0%, P > 0.05), and the highest decrease was 
found in group III (1,279 mg, 30.9%, P < 0.05). 
Thus, eggs from hens with lower intake of calcium 
showed greater resistance to breakage. An increase of the eggshell strength was reported by 
Stefanello et al. (2013) in the eggs provided by the 
hens fed on diets enriched in different minerals, 
as they were: copper, magnesium, and zinc. Ann 
et al. (2016) reported no significant differences 
in feed intake, egg production, and egg weight but 
they found a linearly reducing of the cracked eggs as dietary calcium levels increased from 3.5% to 
3.8%, 4.1%, 4.4%, and 4.7% (P < 0.01). Different effects of different calcium level diets on shell 
thickness were also reported by Sultana et al. 
Fig.	3. Eggshell thickness (μm) according to age and calcium intake (%) in Hy-Line var. Brown hens
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(2007) in Japanese quail: a level of 2.5% calcium 
increases egg weight and shell thickness, while 2.75% increases body weight and shell weight and 3% increases egg production and shell percentage. 
Different factors are also involved in modification of 
the egg strengthens: Valkonen et al. (2010) found a 
greater incidence of cracked eggs from hens raised 
in furnished than in conventional cages, because 
these hens may utilize more calcium for bone 
mineralization and less for shell formation, but 
the exact mechanisms remain unknown. Văcaru 
Opriş et al. (2002) fed hens by a mixture of calcium 
and shellfish meal as sources of calcium and this 
resulted in an increase of the breakage resistance 
vs. breakage resistance of eggs from hens fed by a diet containing only calcium carbonate as a 
source of calcium. Remember that shellfish meal 
is an organic source of calcium, more easily to 
be assimilated and, moreover, it can also contain 
protein (Văcaru Opriş et al., 2002). In the case 
of our research, the increased eggshell strength in the groups I and II versus control and group III may be also attributed to the higher protein 
contents of diets in these groups, according to the data from Table 1.Percentage of visual eggshell defects 
(misshaped, coated, rough-shelled, soft and weak-
shelled eggs) increased as the amount of calcium 
intake increased (fig. 5). Coated and rough-shelled 
eggs presented the highest rate of frequency, while 
soft and weak-shelled eggs – the lowest rate. Less 
calcium intake led to a decrease of the cracked 
eggs percentage, which could be due to a higher protein content of the diets of group I and II vs. 
Fig.	5. Percentage of different visual eggshell defects in Hy-Line var. Brown hens fed on different calcium level diets
Fig.	4. Eggshell breaking strength (in mg) according to age of Hy-Line var. Brown hens fed on different calcium level diets
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control. Defects considered under the category of 
eggshell integrity include also gross rack, hairline 
cracks, star cracks and thin-shelled or shell-less 
eggs (Ahmandi and Rahimi, 2011). Regarding 
the importance of the visual quality of the egg, 
Gupta (2008) showed that the aesthetic quality of 
the eggshell may be related to the quality factors which one can observe; such as soundness of the 
shell, the shape of the shell and color of the shell. 
However, for the commercial layer and breeding 
interests, shell quality means increased shell 
thickness and shell breaking strength to reduce 
the number of cracked eggs, and to increase the percentage of saleable/hatching eggs and to obtain a higher number of viable one-day-old 
chicks (Gupta, 2008). 
In conclusion, diet calcium content influences the evolution according to the age of the physical properties of the eggshell in laying hens. These 
influences are more pronounced in laying hens 
at the peak period of laying period. The increase in calcium content of 4.22% in diet has less and 
negative influences on the physical properties of the eggshell.
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